Introduction
Oral cancer is evidently a public health problem, considered to be the sixth most frequent tumor worldwide and an important cause of morbidity and mortality. 1, 2 Despite constant therapeutic breakthroughs, the 5-year survival rate remains low and the prognosis is still poor. 3 Although both innate and adaptive immune systems play a crucial role in immunosurveillance, mutated or genetically modified cells can develop numerous immunomodulatory strategies that allow them to evade or withstand antitumor immune responses. Knowingly, one of Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
the immune escape mechanisms utilized by tumor cells is the expression of human leukocyte antigen G (HLA-G). 4, 5, 6 HLA-G is a nonclassical major histocompatibility complex (MHC) molecule and it is located on the short arm of chromosome 6 at 6p21.31. It is characterized by limited polymorphism, expression restricted to some tissues, and alternative splicing that leads to the production of seven different isoforms -four membrane-bound (HLA-G1 to G4) and three soluble isoforms (HLA-G5 to G7). 4, 5 All HLA-G isoforms can have an inhibitory effect on the cytotoxicity mediated by natural killer (NK) cells, cytotoxic T lymphocytes, and antigen-presenting cells (APC), which are essential for an effective antitumor immune response. 4, 5 Such inhibition occurs by direct interaction of HLA-G with inhibitory receptors KIR2DL4 (CD158d), ILT-2 (CD85j), and ILT-4 (CD85d). 4, 7, 8 Given the inhibitory immunological properties of HLA-G, some studies have associated the expression of this molecule in neoplastic cells with an immune escape mechanism. Therefore, the immunohistochemical expression of HLA-G has been demonstrated in different types of malignancies, 9, 10 often associated with a worse prognosis. 9, 10, 11 The HLA-G molecule has indirect tolerogenic roles by producing regulatory T cells (Treg) -cells that can inhibit other T cells. 12, 13 APCs such as dendritic cells that express IL-10 and HLA-G can not only induce anergy and loss of responsive capacity by T lymphocytes against antigen stimuli, but also induce the differentiation of naïve T CD4+ lymphocytes into Treg cells, thereby contributing to immune response suppression. 14, 15 Treg cells express the Forkhead box P3 (FoxP3) nuclear transcription factor, regarded as one of the most reliable markers for the identification of these cell types. 10, 16 Once formed, Treg cells induced by HLA-G become independent and perform their modulatory activity. A few studies have associated a larger amount of Treg cells in malignant neoplasms with antitumor immune response evasion and, consequently, with a worse prognosis. 17, 18 Investigations about the role of HLA-G in oral cancer microenvironment and its relationship with clinical parameters is still lacking in the literature 6, 11, 19 and, to date, there have been no investigations into the relationship between HLA-G and FoxP3+ Treg cells in these tumors. Therefore, the aim of the present study was to assess HLA-G expression in tumor cells and in FoxP3+ Treg cells in oral tongue and lower lip squamous cell carcinomas (SCCs), tumors with different behaviors and prognoses, and to verify its relationship with clinical parameters.
Methodology Tissue samples
The present study was approved by the Research Ethics Committee of the Liga Norte Riograndense Contra o Câncer (protocol 1.974.047). The surgical specimens were divided into two groups: 25 cases of oral tongue SCC and 25 cases of lower lip SCC. Cases that underwent chemo/radiotherapy prior to surgical treatment were excluded. Sections (5 μm) were cut from paraffin-embedded tissue blocks, deparaffinized, and stained with hematoxylin and eosin for histological examination All cases were examined under a light microscope by two oral pathologists for confirmation of the diagnosis. Clinical information, such as sex, age, and clinical staging (TNM), were obtained from the patient records.
Immunohistochemical analysis
For immunohistochemical study, 3-μm-thick sections were cut from paraffin-embedded tissue blocks, deparaffinized, and submitted to antigen retrieval with Trilogy solution (Cell Marque, CA, USA). Endogenous peroxidase activity was blocked with H 2 O 2 V10 for 15 minutes at room temperature. After that, the specimens were washed under running water and incubated with protein block (Thermo Scientific, Runcorn, UK) for 5 minutes at room temperature. Samples were washed twice in 1% Tween 20 in TRIS-HCl (tris-hydroxymethyl-aminomethane, Sigma Chemical Co., St. Louis, MO, USA), at pH 7.4, being replaced twice at 5-minute intervals for incubation with anti-HLA-G (clone MEM-G9, Exbio, Prague, Czech Republic, 1:400, overnight) and anti-FOXP3 (clone H190, Santa Cruz Biotechnology, Dallas, Texas, USA, 1:150, overnight) primary antibodies.
The amplification reaction was performed with ADVANCE TM visualization system (Dako North America Inc., Carpinteria, CA, USA), and the diaminobenzidine (Liquid DAB + Substrate, Dako North America Inc., Carpinteria, CA, USA) was used to visualize peroxidase activity. Finally, the sections were counterstained with Mayer's hematoxylin, dehydrated and coverslipped. Samples of trophoblasts were used as positive control for anti-HLA-G, whereas histological sections of tonsils were used as anti-FoxP3 positive control. As negative control, the antibodies were replaced with 1% bovine serum albumin (BSA) buffer solution.
Analysis of the immunohistochemical profile
HLA-G in tumor cells and in FoxP3+ Treg cells was analyzed by two blinded oral pathologists. All slides were scanned (Panoramic MIDI, 3DHISTECH Kft 29-33, Konkoly-Thege M. str.Budapest, Hungary) and the images were assessed using the Panoramic Viewer 1.15.2 (3DHISTECH Kft 29-33, Konkoly-Thege M. str.Budapest, Hungary) software, which allowed visualizing the specimen along its full length.
HLA-G expression in the tumor invasive front was assessed by adapting the method proposed by Gonçalves et al. 6 . Tumor cells that exhibited granular cytoplasmic brown staining were considered to be positive. By using a semiquantitative assessment, the cases were classified as 0 (no immunopositive cells), 1 (<50% of immunopositive cells), and 2 (≥ 50% of immunoreactive cells).
The analysis of FoxP3+ Treg cells was made by adapting the method used by Schwarz et al. 20 . First, five areas of highest anti-FoxP3 immunoreactivity were selected along the tumor invasive front at 100× magnification. Each of the areas was photographed at 400× using the ImageJ® (Image Processing and Analysis in Java, National Institute of Mental Health, Bethesda, MD, USA) software, and the FoxP3 lymphocytes stained in each field were counted, regardless of the intensity of the brown staining.
The obtained values in each field were summed, determining the total count of FoxP3+ lymphocytes; and, then, this number was used to calculate the mean number of Treg cells per case.
Statistical analysis
The results were submitted to statistical analysis using the IBM SPSS Statistics program (version 20.0; IBM Corp., Armonk, NY, USA). Descriptive statistics was used for characterization of the sample. The Fisher's exact test was used to determine possible associations between the HLA-G expression by tumor cells and clinical parameters. The distribution of FoxP3+ lymphocyte counts was evaluated using the Kolmogorov-Smirnov test, which showed absence of a normal distribution. Therefore, the nonparametric Mann-Whitney test was used to compare median Treg cell numbers according to the different clinical parameters analyzed. Spearman's correlation test was performed to determine possible correlations between HLA-G expression by tumor cells and FoxP3+ lymphocyte counts. A P value < 0.05 was considered significant for all tests.
Results

Clinical analysis
In oral tongue SCCs, nineteen (76%) out of the 25 cases were diagnosed in men. Patient age ranged from 41 to 89 years, with a mean of 62.1±14.2 years. With respect to tumor size/extent and regional lymph node metastasis, there was a higher frequency of cases classified as T2 (n = 9; 36%) and N0 (n = 18; 72%). Distant metastases were detected in only 4 cases (16%). The most frequent clinical stages were stage II (n = 9; 36%) and stage III (n = 7; 28%) ( Table 1) .
Regarding the lower lip SCCs, sixteen (64%) of the 25 cases studied were diagnosed in men and nine (36%) in women. Patient age ranged from 42 to 88 years, with a mean of 64.2 ± 13.9 years. Most cases were classified as T1 (44%) and N0 (80%). Distant metastases were not identified. Regarding clinical stage, stage I (32%) was the most frequent (Table 1 ).
Immunohistochemical analysis
Neoplastic cells expressing HLA-G exhibited cytoplasmic and membrane staining in oral tongue and lower lip SCCs ( Figure 1A-B ). For oral tongue SCCs, the majority of cases showed a high immunoexpression of HLA-G (n = 21, 84%), while in lower lip SCC cases, most cases (n = 15, 60%) revealed a low expression (Table 1) .
For oral tongue SCC cases, the Fisher's exact test showed no significant association between the expression of HLA-G by tumor cells and tumor size/extent (p = 1.000), lymph node status (p = 0.081), distant metastasis (p = 0.527) or clinical stage (p = 0.267) ( Table 2) . Similarly, Fisher's exact test revealed no association between the HLA-G expression by tumor cells and the clinical parameters in lower lip SCC cases (p > 0.05) ( Table 2) . FoxP3+ lymphocytes were detected along the tumor invasive front in all cases (Figure 1 C-D) . In the 25 cases of oral tongue SCC, the mean numbers of Treg lymphocytes ranged from 2 to 64.6 (median: 18.4), while in lower lip cases, the mean numbers of Treg lymphocytes ranged from 0.8 to 54 (median: 19.8).
In oral tongue SCC cases, with respect to tumor size/extent, the median number of FoxP3+ lymphocytes was 26.4 (range: 3.2-64.6) in tumors classified as T1 and 16.6 (range 2.0-63.4) in tumors classified as T2-T4, with no significant difference between groups (p = 0.161). Regarding regional lymph node metastasis, the median number of FoxP3+ lymphocytes was 20.2 (range: 2.0-64.6) in tumors without metastases and 14.1 (range: 5.2-46.0) in tumors with metastases. The nonparametric Mann-Whitney test revealed no statistically significant difference between groups (p = 0.244). The median number of FoxP3+ lymphocytes was 20.2 (range: 3.2-64.6) in early stages (I/ II) and 15.9 (range: 2.0-63.4) in advanced stages (III/ IV). This difference was not statistically significant between groups (p = 0.542) ( Figure 2 ).
For lower lip SCC cases, regarding tumor size/extent, the median number of FoxP3+ Treg cells was 19.8 (range: 0.8-54.0) in tumors classified as T1 and 26.4 (range 9.8-46.6) in tumors classified as T2-T4, with no significant difference between groups (p = 0.441). With respect to regional lymph node metastasis, the median number of FoxP3+ lymphocytes was 19.8 (range: 3.4-54.0) in tumors without metastases and 16.8 (range: 0.8-37.0) in tumors with metastases. The nonparametric Mann-Whitney test revealed no statistically significant difference between groups (p = 0.497). Analysis of FoxP3+ lymphocytes according to the clinical stage showed a median number of 19.80 (range: 9.8-46.6) in early stages (I/ II) and of 18.8 (range: 0.8-37.0) in advanced stages (III/ IV). This difference was not statistically significant (nonparametric Mann-Whitney test, p = 0.821) ( Figure 2 ).
Spearman's correlation test revealed no significant correlation between the HLA-G immunoexpression by tumor cells and FoxP3+ lymphocytes in oral tongue Table 1 . Distribution of cases of oral tongue and lower lip squamous cell carcinoma according to clinical parameters, HLA-G expression by tumor cells and FoxP3+ lymphocytes. SCCs (p = 0.524). However, a significant positive correlation was found between the expression of HLA-G by neoplastic cells and FoxP3 lymphocytes in lower lip SCCs (p = 0.008) ( Table 3 ).
Discussion
Most types of cancer can develop different immunomodulatory strategies for evasion of antitumor response or resistance. Among the immune escape mechanisms used by tumor cells, HLA-G expression has been recently investigated in different types of human malignancies. 9, 10, 11, 19 In the current literature, some studies have evaluated HLA-G immunoexpression in oral cancer. 6, 11, 19, 21 However, to our knowledge, this is the first study to compare HLA-G expression in oral tongue and of the lower lip SCCs, tumors that knowingly have different behaviors and prognoses.
Zancope et al. 22 demonstrated that lip SCC often has a favorable prognosis if diagnosed early and has a more efficient antitumor immune response, with higher density of activated cytotoxic T lymphocytes and NK cells, when compared with intraoral SCC. These findings were strengthened by the results of the present study, in which there was a higher HLA-G expression in SCC of the oral tongue than in SCC of the lower lip, since the expression of this molecule can hinder the efficiency of immune cells. The higher expression of this molecule in oral tongue lesions may be attributed to their worse biological behavior when compared to lip lesions, which commonly have a good prognosis.
So far, only one study has assessed HLA-G expression in SCC of the lower lip. 19 The authors observed higher HLA-G expression in premalignant lip lesions and in lip SCC than in the control group. The authors suggested that these lip lesions have an immunosuppressive microenvironment that favors the evasion of mutated keratinocytes in any stage of dysplasia. Despite the higher HLA-G expression in SCC of the lip than in the control group, the authors did not compare that expression with cases of intraoral SCC and, therefore, it was not possible to compare their results with the findings of the present study. Gonçalves et al. 6 assessed HLA-G expression in metastatic and nonmetastatic oral SCC. The authors observed a significantly higher HLA-G expression in metastatic oral SCC than in nonmetastatic cases and they also found that the high expression of this molecule was associated with lower survival rate, which indicates an unfavorable clinical prognosis. Their findings suggest the presence of HLA-G could be a tumor evasion mechanism, contributing to local immunosuppression and worse prognosis.
Studies conducted with other types of malignant neoplasms such as breast cancer, 23 thyroid cancer, 9 and rectal cancer 10 demonstrated that HLA-G expression was significantly correlated with metastases and lower survival rates, highlighting the importance of the immunosuppressive activity of this molecule. However, our study did not reveal any significant association between HLA-G expression and the outcome of SCC cases, which may be attributed to the small sample size used.
The HLA-G molecule, in addition to having a direct tolerogenic response through its interaction with inhibitory receptors, may have an indirect and long-lasting action owing to differentiation into Treg cells. 12, 13, 24 These cells are crucial mediators of self-tolerance and very important in the tumor microenvironment, expressing markers such as CD4, CD25 and FoxP3. 18, 25 Among these markers, FoxP3 is one of the most reliable markers for the identification of these cell types. 10, 16 Given the important effect of Treg cells on immune response suppression, large rates of these cells have been detected in the tumor microenvironment of different neoplasms, often associated with a more aggressive behavior. 18, 25 The clear role of Treg cells in oral carcinogenesis has not been fully established yet. While some studies suggest that the increase in the expression of FoxP3+ Treg cells may be related to a reduction in the immune response, leading to an unfavorable course of the disease, 18, 25 other studies have failed to demonstrate this relationship. 26, 27 In the present study, despite the lack of statistical significance, there was a larger number of FoxP3+ lymphocytes in smaller oral tongue SCCs, without lymph node metastasis, and in early stages. These findings are similar to those obtained by Bron et al. 26 and Wolf et al. 27 . These authors underscore that the immunosuppressive activity of this subpopulation of T cells could be particularly necessary in the early stages of carcinogenesis, in which tumor cells have higher immunogenicity and recruit a larger number of Treg cells in an attempt to suppress more efficient antitumor immune responses.
Few studies have been conducted about the expression of FoxP3+ Treg cells in lower lip SCCs. 16, 28 In line with our findings, these authors confirmed the presence of this subpopulation of T cells in the inflammatory infiltrate in the microenvironment of all SCC lesions of the lower lip assessed.
In the present study, there was a larger amount of FoxP3+ lymphocytes in larger SCCs of the lip in advanced clinical stages. These results are at odds with those of Cunha-Filho et al. 16 which, to date, is the only study that has associated the expression of FoxP3+ Treg lymphocytes with clinicopathological parameters of SCCs of the lip. However, our findings are similar in terms of lymph node metastasis, as both studies detected a higher average number of FoxP3+ lymphocytes in nonmetastatic SCCs of the lip than in the metastatic cases, but this association was not significant. These observations also highlight the need for further investigations, with larger sample sizes and similar groups of comparison, to better establish the biological significance and the clinical importance HLA-G positivity in tumor cells and FoxP3+ lymphocytes in lower lip and oral tongue SCCs.
Although there was no significant correlation between HLA-G expression by tumor cells and FoxP3+ lymphocytes in SCCs of the oral tongue, a significant positive correlation was found between HLA-G expression by neoplastic cells and FoxP3+ lymphocytes in lower lip SCCs, suggesting that the combined expression of these two proteins in the tumor microenvironment of this malignancy may be related to a weak antitumor immune response.
Conclusion
Our results suggest the involvement of HLA-G and Treg cells in the modulation of immune mechanisms of microenvironment of oral tongue and lower lip SCCs. The higher HLA-G expression in SCC of the oral tongue when compared to lower lip SCC may be related to the worse biological behavior of tongue lesions. We believe the tumor evasion mechanism in oral cancer should be further investigated, since few previous studies categorically affirm that HLA-G expression is a strategy used by tumor cells to escape immunosurveillance and that this molecule could be a prognostic marker of this type of neoplasm in the future.
